INTRODUCTION
Continuous increase in the consumption of power, lack of fossil fuel resources at reasonable prices and real perspectives to counteract climate changes require the development of advanced and environmentally-friendly energy conversion technologies (Yu et al., 2003; Demirbas et al., 2009; Ud Din and Zainal, 2016) . Recently, more and more attention is put to the fluidized bed combustion technology (Leckner et al., 2011; Shrestha et al., 2016 ) mainly due to its numerous advantages, such as the ability to cofire various fuels, low emission of NOx and high combustion efficiency. Nowadays, many various types of fluidized bed boilers are under operation, such as:
 Bubbling fluidized bed boilers with atmospheric pressure, A-BFB or BFB,  Pressurized bubbling fluidized bed boilers, PBFB,  Circulating fluidized bed boilers with atmospheric pressure, A-CFB or CFB, and pressurized circulating fluidized bed boilers, PCFB. The majority of currently-operated fluidized bed boilers in Poland are A-CFB type units and they have been under commercial operation since over 25 years. The circulating loop of a circulating fluidized bed (CFB) boiler consist of a combustion chamber, one or more (up to 8) cyclones and solids recirculation system consisting of a downcomer, a loopseal and return legs. The flue gas with fine fly ash that is not separated by the cyclone pass through the 'so called' second section where convective heat exchangers (steam superheaters, economizer and air preheater) are located. The combustion process takes place in the furnace where the temperature is maintained at approximately 850-860°C to control the emission of sulfur and nitrogen oxides and to avoid any solids agglomeration and bed defluidization. The live steam superheaters are located either in the combustion chamber or in the convective pass. The temperature of the live steam in the superheaters is controlled by interstage injection coolers. Modern power generating facilities are technically complicated objects. Almost all individual elements of the facility are subjected to continuous and/or variable structural and thermal loadings (Osocha et al., 2004; Weglowski and Osocha, 2009 ). Furthermore, many of them also have to withstand very harsh conditions and maintain sufficient mechanical durability at high temperature (Guidoni et al., 2005; Mazur et al., 2018; Osocha, 2018) and pressure and be erosion-and corrosion-resistant (Wlodarczyk and Dudek, 2011; Szabracki and Lipinski, 2014a; Szabracki and Lipinski, 2014b) . The requirements for the durability of boiler elements are becoming more strict in case the coal is co-combusted with high alkali and/or chlorine containing fuel, such as biomass or waste (e.g. the refuse-derived fuel, RDF) since in the furnaces of such boilers the degradation of refractory or steel elements (Mazur and Mikova, 2016) is accelerated and the damage elements have to be replaced more frequently. Unfortunately, quite often the damages occur during boiler 'ordinary' operation thus leading to uncontrolled emergency shutdowns and increased boiler operational costs. The risk of failure has to be predicted, controlled and finally lowered using a variety of possible methods (Nowakowska-Grunt and Mazur, 2015; Nowakowska-Grunt and Mazur, 2016; Pietraszek et al., 2017; Kozien and Kozien, 2017; Maszke et al., 2018) . In order to minimize those costs and improve the durability of boiler elements modern material engineering proposes advanced solution and application of e.g. ceramic linings, corrosion and erosion resistant alloys (Szczotok and Rodak, 2012; Szczotok and Chmiela, 2014; Scendo et al., 2014; Domagala et al., 2018b) , ceramic coating spraying (Pobedza and Sobczyk, 2013) or other special composite materials (Korzekwa et al., 2018; Radek and Bartkowiak, 2011; Pliszka et al., 2018; Radek et al., 2018a; Radek et al., 2018b) . Those ceramic materials can be used in corrosive environments and are temperature resistant up to 1200ºC and are particularly suited to protect lower parts of the membrane walls in the boiler furnace and the wall area at cyclone inlet and inside of the cyclone where high solids concentration and high gas velocity bring about intensive attrition. The working parts of the ceramic refractories are coupled to boiler steel structure and furnace membrane walls by anchors which are made of stainless steel and their main task is to provide high mechanical durability of the composite element, while the ceramic refractory is responsible for high protection against erosion and corrosion.
METHODOLOGY OF RESEARCH AND RESULTS
The investigated anchor and refractory samples were obtained from one of Polish large scale CFB boilers burning coal and coal slurry with some minor (<10%) addition of the agromass (sunflower or wood pellets). An exmple view of the refractory and the anchors is shown in Fig. 1 . The refractory was damaged since all anchors lost their mechanical properties and came off the membrane wall. In order to analyze the reasons for the cracking and damage of the anchors, macroscopic investigations and analysis of the chemical composition and structure of the anchors was carried out with the use of the SPECTROLAB spark spectrometer and JEOL JSM-6610LV scanning microscope with the LaB6 cathode. The macroscopic view of the anchors is shown in Fig. 2 while chemical composition of the anchors is summarized in Table 1 . The values in Table 1 sum up to 100% -the remaining element is iron (Fe). Analysis of the chemical composition of the samples indicated that the steel anchors are made of heat-resistant stainless steel AISI 310 X15CrNiSi25-20. The steel has an austenitic structure and is designed to work in particularly high temperatures according to PN-71 / H-86022, EN 10095. The steel belongs to the group of steels that combine high temperature properties with good plasticity and weldability and are resistant to oxidation under constant temperature conditions up to 1150°C. The cross-section view of the investigated anchor is shown in Fig. 3 . Analysis of the breakthrough revealed brittle cracking and increased number of sigma precipitates in the damaged anchors. Those sigma precipitates contributed directly to the formation of cracks and damage of the anchors since the sigma phase is an intermetallic phase that is hard and chromium-rich and its presence in the steel structure causes significant drop of the resistance of the steel against impacts or mechanical loadings. 
CONCLUSION
The safe operation of a large-scale CFB boiler is closely related to the strength and durability of the individual elements and the materials the boiler is made of, particularly that major part of the elements and materials work in extreme conditions (high temperature, mechanical stress, increased corrosion and erosion). Detailed knowledge of the operating conditions and limitations for individual materials and proper material design and manufacturing technology is thus the key to long-term and trouble-free operation of the boiler. In the case of the investigated anchor samples (X15CrNiSi25-20) the formation of a large number of hard and chromium-rich intrusions was determined. Those intrusions were responsible for significant drop of anchor mechanical properties and damage of the elements. Accordingly, long-term operation of that type of steel in the temperature ranges between 500 and 900 °C is not recommended due to the risk of increased brittleness of the material brought about by the release of hard and brittle intermetallic sigma phase.
